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Positive Reinforcement Training to Enhance the
Voluntary Movement of Group-Housed Sooty
Mangabeys (Cercocebus atys atys)

Christin L Veeder,">" Mollie A Bloomsmith,?? Jennifer L McMillan,? Jaine E Perlman,? and Allison L Martin??

Positive reinforcement training (PRT) has successfully been used to train diverse species to execute behaviors helpful
in the everyday care and wellbeing of the animals. Because little information is available about training sooty mangabeys
(Cercocebus atys atys), we analyzed PRT with a group of 30 adult males as they were trained to shift from 1 side of their
enclosure to the other. Over a 4-mo period we conducted 57 training sessions totaling 26.5 h of training and recorded compli-
ance information. During training, compliance increased from 76% of the animals during the first 5 training sessions to 86%
of the animals shifting during the last 5 sessions. This result indicated progress but fell short of our goal of 90% compliance.
After 25 training sessions, problem-solving techniques were applied to help the consistently noncompliant animals become
more proficient. The techniques included reducing social stress by shifting animals so that noncompliant monkeys could
shift into an unoccupied space, using more highly preferred foods, and ‘jackpot’-sized reinforcement. To determine whether
social rank affected training success, animals were categorized into high, medium, and low dominance groups, based on 7
h of behavioral observations. A Kruskal-Wallis test result indicated a significant difference in compliance according to the
category of dominance. Although training a group this large proved challenging, the mangabeys cooperated more than 90%

of the time during follow-up sessions. The training program improved efficiency in caring for the mangabeys.

Abbreviation: PRT, positive reinforcement training

Positive reinforcement training (PRT) has successfully been
used to train diverse primate species to execute a variety of
behaviors helpful in daily husbandry procedures, facilitating
research, and promoting the wellbeing of the animals. Over the
last 2 decades increasing emphasis has been placed on the use
of PRT techniques, as nonhuman primates living in zoos and
laboratories have been trained to cooperate with a variety of
husbandry, research, and veterinary procedures. For example,
PRT has been used to facilitate daily colony management such
as moving animals within or between their enclosures® and
into transport cages. Positive reinforcement training facilitates
veterinary and research procedures by training animals to
cooperate with intramuscular’?2%28 and subcutaneous injec-
tions!'®23 and to present for voluntary blood,*#12 semen'”?* and
urine 12?7 collection. Training has also been used to improve
social dynamics in primate groups by reducing competition
and aggression over food? and increasing affiliative behaviors
between conspecifics.?

Atits most basic level, PRT is a form of operant conditioning
in which the animal receives a primary reinforcer or reward,
such as food, for exhibiting a particular behavior. Receiving the
reward increases the likelihood that the animal will exhibit the
behavior again in the future. The reward typically is paired with
a clicking sound (called a conditioned reinforcer or ‘bridge’),
which serves to pinpoint the exact moment the desired behavior
occurs. After multiple presentations of the conditioned rein-
forcer with the primary reinforcer, the clicking sound develops

Received: 05 Sep 2008. Revision requested: 01 Oct 2008. Accepted: 21 Oct 2008.
Division of Animal Resources, School of Medicine, and *Yerkes National Primate Research
Center, Emory University, Atlanta, Georgia; *Center for Conservation and Behavior,
Georgia Institute of Technology, Atlanta, Georgia.

*Corresponding author. Email: veeder@upenn.edu

ameaning of “good job”? to the animal. Positive reinforcement
training contrasts with more traditional training techniques
such as negative reinforcement. In negative reinforcement, the
animal may be coerced into complying by applying a stimulus
thatan animal wants to avoid and removing that same stimulus
when the animal complies.?” For example, directing water from
a hose at an animal might be used to get the animal to move
from inside to outside or the pressure of a squeeze mechanism
in a cage is used to get the animal to come forward and hold a
position. Both PRT and negative reinforcement training can be
effective, but PRT is believed to have additional benefits such as
reducing distress, increasing choice and control for the animal,
and therefore improving wellbeing.”!%!! The general principles
of PRT are species-independent, and the training techniques
are used successfully across taxa. Many species of nonhuman
primates such as chimpanzees,?3781216-18.21,2728 macaques, #619
and tamarins® have been trained, yet no information has been
published on the training of mangabeys (Cercocebus spp.), even
though they live in both zoo and laboratory colonies.

Several publications have reported training monkeys to
move between portions of their enclosures and to enter smaller
transport cages or chute systems.>13192429 These articles
describe the use of a combination of PRT and negative rein-
forcement strategies to coerce animals into complying with the
requested behavior and then rewarding them. Several of these
publications®!® describe animal care staff entering the monkeys’
enclosures as a part of the training process. None of these articles
relied solely on PRT techniques to achieve their goals.

For this study, we wanted to train a group of mangabeys to
move between different portions of their enclosure, on cue,
to allow for daily cleaning and cage maintenance. To protect
personnel, we wanted to conduct the training without having
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people enter the mangabey enclosure, and we chose to use
only PRT procedures for the presumed benefits to the wellbe-
ing of the mangabeys. This approach was similar to that of
to an earlier study with chimpanzees,® in which the animals
were taught to shift between enclosures by using only PRT. We
recorded the training time and number of sessions needed to
train the mangabeys to move throughout their enclosure on cue.
During the training process, we suspected that the dominance
ranking of individual animals was affecting their success rate
and therefore assessed this factor’s contribution. In addition,
we found that a few animals were not cooperating with the
request to shift even after considerable training. We therefore
used a problem-solving method to develop hypotheses about
the lack of compliance and to test possible solutions to improve
the performance of this subset of our test population.

Materials and Methods

Subjects and housing. The subjects for this study were a group
of 30 adult (age, 8 to 21 y) male sooty mangabeys (Cercocebus atys
atys). The group was formed in 2001 and recently was moved
into new housing at the Yerkes National Primate Research
Center of Emory University. The group was housed in 12 ad-
joining runs measuring 5.18 x 2.44x 2.44 m each. There were 6
connected runs on each side of a corridor that were linked by
a single tunnel (3.05 x 0.91 x 0.91 m). Each run had 2 guillotine
doors leading to the adjacent run. The guillotine doors were
accessed by inner and outer corridors. The goal of this study
was to train the mangabeys, using only PRT, to move (shift) on
cue from 1 side of their enclosure through a tunnel to the other
side. The subjects needed to shift twice daily so that both sides
of their enclosure could be cleaned in a safe and efficient man-
ner. The mangabeys were fed a standard primate chow (5037,
LabDiet, Richmond, IN) twice daily and given produce and
other enrichment daily (destructible items, foraging devices,
and food enrichment); water was provided ad libitum.

The mangabeys were maintained in accordance with federal
regulations and the recommendations from the Guide for the
Care and Use of Laboratory Animals'® at an AAALAC-accredited
facility. All research conducted with these mangabeys was ap-
proved by the Institutional Animal Care and Use Committee
of Emory University.

Training method. Our training plan used only PRT. Trainers
gave the subjects a verbal cue (“over”) along with a visual cue
(moving the hand from one side of the body to the other). Ini-
tially 2 trainers were present to close the doors on the inner and
outer corridors. As the animals shifted thorough the runs, the
guillotine doors were closed behind them. When they moved
through the tunnel, they were given verbal praise of “good
over,” the tunnel door was closed, and a preferred food was
given as a primary reinforcer. If a subject did not go through
the tunnel, trainers worked with the subject on an individual
basis, using the same verbal and visual cues, and the behavior
was reinforced after the animal moved through the guillotine
door toward the tunnel. If the subject chose not to shift after
several attempts, the doors were closed, and the training session
ended with no consequence to those mangabeys that did not
comply. Animals that did not comply were locked in the run,
and the runs on both sides of them were cleaned. Once the runs
were cleaned, the doors were opened and the cues to shift were
given. Most of the time, the animals moved over. If the animal
did not move, the doors were left open until they moved into
a clean run, and then the remaining run was cleaned. Subjects
that did not comply with the cue to shift were recorded as non-
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compliant for that training session. Noncompliance was used
as a dependent variable throughout the study.

Training sessions were between 15 and 40 min (mean, 27.8
min) in duration for the group. The subjects were trained 3 to
5 times each week during a 4-mo period. The group was con-
sidered to be reliably trained when 90% of the group shifted on
cue 5 times in a row.

Behavioral observations. Two observers recorded 7 h of be-
havioral observation to measure the general dominance status
among subjects. Affilative, aggressive, and submissive behaviors
and the identities of the initiator and recipient were recorded
(Figure 1). A modification of an all-occurrence method! was
used. Because the observer could not see all of the animals at
the same time, the observer walked through the enclosure and
recorded all behaviors that were observed. The index of con-
cordance for interobserver reliability was 0.913.

Dominance hierarchy. Once the less-compliant animals were
identified, we were interested in determining whether there
was a relationship between dominance rank and compliance
with shifting. The behavioral observations were used to cre-
ate a dominance hierarchy. The behavioral observations were
compiled by recording the number of interactions between all
pairs of subjects and placing the collected data into a matrix.
The matrix was organized so that animals that always showed
dominant behavior or were never supplanted were put on the
top, whereas animals that were always supplanted were placed
on the bottom of the hierarchy. Other subjects then were ar-
ranged in the hierarchy such that the number of interactions in
which they were supplanted increased.!* Because there were
not sufficient interactions between all the animals to create a
complete dominance hierarchy, the animals were ranked into
3 categories—high, medium, and low rank—based on these
data.

Statistics. The relationship between dominance category and
compliance with the shifting request was tested by a Kruskal—-
Wallis statistical test (SPSS version 13.0, Chicago, IL). This test
was chosen because of the lack of homogeneity of variance
across groups and the modest sample size.

Problem solving. We also used a standardized problem-
solving process’ to attempt to increase compliance with shifting
for the mangabeys. The problem-solving process included a
group discussion of everyone working with the mangabeys on
the training strategy, social dynamics of the group, enrichment
strategies, and animal management procedures’ to identify any
potential factors of compliance with training. After the problem-
solving session, we hypothesized that social dynamics (that is,
dominance relationships) might be having a negative effect on
the compliance of some subjects and that the food rewards being
used might be ineffective for some animals. We implemented
different strategies based on these 2 hypotheses to try to increase
compliance. To reduce the likelihood of a more-dominant animal
intimidating less-dominant animals from moving into a certain
portion of the enclosure, we shifted all of the subjects who would
readily move and then emptied the run across from the tunnel
so that the less-compliant animals could enter an area without
any other animals present. In addition, we used more desirable
reinforcers (such as yogurt, banana, grapes) and ‘jackpots’ (a
large volume of a reinforcer; such as an entire ear of corn, a
whole banana) when rapid progress was made in training.

Results
Over a 4-mo period, we conducted 57 training sessions total-
ing 26.5 h of training time. In the first 5 training sessions, 76%
of the monkeys cooperated with the request to move, indicat-
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Behaviors associated with affiliation

Grooming: Using the hands and or mouth to pick through the fur
of another monkey.

Seated embrace: An animal approaches a seated animal and lifts
its leg onto the shoulder of the seated animal.

Playing: At least 2 animals are engaged in wrestling, chasing,
jumping, and rolling together in a nonaggressive way.

Behaviors associated with aggression

Lunge: A threat stare is coupled with a rapid dart toward the
subject, at which time the aggressor lowers its shoulders as in
preparation to jump forward.

Chase: Running after another animal. A chase may result in
physical attack on the pursued individual.

Slap: Using the hand to physically strike another.

Grab: Closing the hands or feet on some portions of the rival's
body.

Pin: Using the hands or feet to hold an individual down for
several seconds to prevent it from escaping.

Bite: Seizing another with the mouth and clamping down hard
with the teeth.

Behaviors associated with submission

Avoid: Includes shifting the body position in response to another
individual, jerking the torso away from an individual, leaning
away from another individual. Avoids may be seen when a more
dominant animal approaches or walks by a more subordinate
individual. In activities associated with aggressive encounters,
avoids may occur in a response to a mild threat.

Move away: Moving away in response to another individual with
out a previous threat. It may be seen when a more dominant
animal approaches or walks by a more subordinate individual.
Submissive present: An individual directs hindquarters toward
another animal, preformed during an aggressive encounter by the
submissive toward the threatener.

Tongue flickering: Animal quickly moves its tongue in and out of
a slightly opened mouth while orienting to targeted individual,
performed during an aggressive encounter by the submissive
toward the threatener.

Flee: Running away from the threatener, not scored in response to
chase.

Figure 1. The ethogram? used during behavioral observations.

ing that the monkeys were already cooperating to some extent
even though no explicit training had been done. During the last
5 of the 57 sessions, 86% of the monkeys cooperated, indicat-
ing progress but falling short of the reliable performance we
intended to obtain. Inspection of the data revealed that 5 of the
30 subjects complied less than 75% of the time, over all of the
training sessions.

The Kruskal-Wallis test result indicated a significant [ (df
=2) = 6.256, P = 0.044] difference in compliance relative to the
category of dominance. Inspection of the data revealed that low-
ranking subjects complied less often than did those in the other
dominance categories (high-dominance group, 97% compliant;
medium, 89% compliant; low, 85% compliant).

After 25 training sessions, problem-solving techniques were
applied to help the 5 consistently noncompliant animals be-
come more proficient. The changes included emptying of other
monkeys from 1 portion of the enclosure that we were asking
a noncompliant monkey to move into, using highly preferred
foods and jackpot reinforcement, and providing additional
enrichment after training sessions. All of these changes were
implemented simultaneously. The 5 training sessions imme-
diately following implementation of these changes had 100%
success, but this rate of compliance was not maintained over
time (Figure 2).

Percent Compliance vs. Training Session

Percent Compliance
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Figure 2. Percentage compliance of the group of mangabeys during
the initial 57 training sessions. The blue diamonds indicate the im-
plementation of problem solving techniques (‘jackpot’ reinforcement,
providing additional enrichment, and emptying 1 portion of the en-
closure of other monkeys).

Data collection was halted after 57 sessions, due to constraints
on personnel availability, but the training procedures were
still conducted. Approximately 34 wk later, we resumed data
collection for 34 sessions. These data indicated improved per-
formance: all 34 follow-up training sessions had greater than
90% compliance (Figure 3), thus reaching our predetermined
definition of reliable performance. The average training time per
session was 5 min. There were 23 incidents of noncompliance
during the 34 training sessions; the same animal was responsible
for 48% of the refusals.

Discussion

In this study, PRT was used as the sole training method to
teach sooty mangabeys to move throughout their enclosure on
cue. These methods were similar to others used in the past to
train groups of chimpanzees® to move around their enclosure.
Positive reinforcement training improved the voluntary move-
ment of the group-housed mangabeys. Although the group
failed to reach 100% compliance, the animals ultimately met
our training goal of 90% compliance (Figure 3). Fluctuating
social dynamics in the group was a likely reason for the short-
lived success of 100% compliance. Social and dominance issues
will always be present when working with a group of animals.
Awareness of these issues allows the development of plans to
resolve them. Our plan included emptying the run across from
the tunnel so that the less-compliant animals could enter an
area without any other animals present. Over time, this practice
helped less-compliant animals become more successful, and
eventually we were able to stop emptying the run. Social rank
did influence the responsiveness of the mangabeys to their
training tasks: the high-ranked group was 97% compliant, the
medium-ranked group was 89% compliant, and the low-ranked
group was 85% compliant.

Although PRT requires an investment of time, the rewards
are great. Training this group of mangabeys to shift between
enclosures markedly decreased the amount of time that was
required for daily husbandry procedures. The average training
session was 28 min long during the 57 initial training sessions.
During the later period of data collection, about 5 min was
required to shift the animals, which saved 23 min per session.
Because the animals are moved twice daily, this training saves
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Figure 3. Follow-up percentage compliance for the group; data were
collected approximately 34 wk after initial training was completed.
There were 2 shifting sessions daily to move the animals from 1 side
of the enclosure to the other (indicated as ‘first’ and ‘second’ on the
graph). All sessions had greater than 90% compliance.

46 min per day of animal care time. The 1590 min of training
time was essentially “paid back” in fewer than 35 d (1590/46)
of working with the mangabeys. In addition, PRT enabled the
animal care staff to interact with their animals in a way that was
personally rewarding.

Previous studies have shown that positive®#67:16-18.21.23 and
negative!” reinforcement training both can be used to train
nonhuman primates to do a large variety of tasks. Our study
showed that although a PRT program can be effective in train-
ing nonhuman primates, other factors such as social structure
need to be evaluated carefully to ensure the success of the
training program.
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